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ECCRINE FUNCTION IN PSORIASIS*
RAYMOND H. SUSKIND, M.D.
The stimulus to this study was a series of physiologic observations made
during a prolonged period of hospitalization of a case of psoriatic erythro-
derma. This case, in which there was unusual involvement of the skin and
appendages of an exfoliative type, demonstrated grossly altered sweat function
during the acute phase of his disease, in addition to a markedly decreased re-
sponsiveness of the cutaneous vessels to temperature changes, parasympathomi-
metic and sympatbomimetic stimuli. It was noted that during the phase of
universal involvement sweating could not be elicited by local injection with
methacholine chloride (Mecholyl ®) or by thermal stimulation. Regression of
cutaneous symptoms occurred slo\vly and incompletely during a three month
period. Sweat function and vascular responses returned to normal gradually
with gross clinical improvement.
Our interest in eccrine function in psoriasis was aroused by these findings, and
subsequently a series of five subjects with lesions of the glabrous skin in all
stages of development and involution were studied for eccrine reactions to
parasympathomimetic and thermal stimuli.
5UBJECT5 AND METHOD
The patients included in this appraisal consisted of five white males, ranging
in age from 18 to 70 years. The duration of the cutaneous involvement varied
from three months to 34 years. Two of the subj ects had, in addition to their
psoriasis, other cutaneous problems, e.g. pustular folliculitis (C. W.) and cir-
cumscribed neurodermatitis (J. P.). In both instances, the complicating skin
condition appeared to induce psoriatic lesions at the site of involvement. One
subject, in whom one-half of the cutaneous surface of the trunk, extremities, face,
and scalp was involved, also had recurrent arthritis.
Induced Sweating
A. Psoriatic lesions in all stages of development, spontaneous involution or
regression following treatment, as well as apparently healed cutaneous areas
and normal skin of psoriatic patients were appraised for their eccrine func-
tion.
1. Methacholine chloride: 0.1 ml of 1:500 or 1:250 in distilled water—was
injected intradermally into the test sites. The areas of the injection were
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quickly dusted with a Quinizarin compound powder* to detect sweating
and observed for at least one-half hour after the injection. All tests and
observations were carried out in a constant temperature room, the condi-
tions of which were 78°F and 60 % R. H.
2. Thermal sweating was induced by placing the subject in a constant tem-
perature room in which the ambient conditions were raised during the
test to 1000 F and 60% R. H., following the dusting of the areas under
study with Quinizarin powder mixture. In several instances, the temper-
ature of the room was maintained at 106° and 1080 F in an attempt to
induce sweating in apparently anhidrotic areas. Each subject was observed
over a period of 30 minutes or longer. One of the subjects (F. S.) was
tested repeatedly with methacholine chloride and for thermal sweating
for 21 months.
Two subjects (G. B. and J. P.) have been under observation for 18 months.
Two of the subjects (K. L. and C. W.) were observed during a six week
period.
B. During each test period included among the sites of methacholine injection
for each subject were the following:
1. Center of an active plaque
2. Edge of an active plaque
3. Normal skin between two plaques
4. Center of spontaneously regressing plaque
5. Edge of spontaneously regressing plaque
6. Center of a plaque regressing under local therapy
7. Edge of a plaque under local therapy
8. Apparently healed sites
9. Normal areas which previously had never been affected with psoriasis.
The sweat patterns of individual lesions and cutaneous areas were tested at
weekly intervals for varying periods of time depending upon necessity of
repeating observation and availability of the subject. The longest period of
observation was 21 months, the shortest was six weeks. An attempt was
made to correlate the eccrine activity observed in active psoriatic lesions
and in various stages and regression, with the clinical status of the lesion.
The majority of observations was made on lesions which were not under
therapy. The few lesions which were appraised periodically under treatment,
were treated topically with several types of ointments, including crude coal
tar, shale oil, and an emulsion-type base. Others were treated with ultra-
violet light and X-ray irradiation.
C. Repeated biopsies were taken froni each subject and included the following
material:
1. Active psoriatic plaques
* The Quinizarin sweat detection mixture was composed of the following:
1. Quinizarin compound 40 gm
2. Sodium carbonate anhydrous 30 gm
3. Rice starch 60 gm
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2. Regressing plaques
3. Healed sites
4. Normal skin of psoriatic subjects.
Biopsies of the above cutaneous sites were taken under non-sweating condi-
tions as well as after 30 minutes of intense sweating. Under local ethyl chloride
anesthesia, cutaneous biopsies of various lesions and cutaneous sites being
appraised were obtained with Keyes punches 4 mm and 6 mm in diameter.
Initially, the tissues were fixed in formalin and stained with Hematoxylin
and Eosin. For three of the five subjects biopsy material was fixed in Helly's
fluid, cut at 5 i and treated with a modification of the periodic acid-Schiff
technic of McManus (1). For control purposes alternate sections were im-
mersed in buffered malt diastase for one hour at 370 C before treatment with
the McManus technic.
The microscopic sections were examined for possible histologic and cytologic
alterations. Sections of each specimen were examined for glycogen content
of the secretory tubules and ducts, in an attempt to ascertain the possible
functional status of these structures. It has previously been reported that
normally functioning secretory cells of the eccrine gland contain an abundance
of glycogen (2—5), and following active sweating, glycogen disappears from
the secretory cells (2).
CLINICAL OBSERVATIONS
1. Active Psoriatic Lerions. Visible sweating could not be induced within the
active psoriatic lesions by methacholine chloride injection or heat (Fig. lA, 1B,
2A, 3A, 3B). When methacholine chloride was inj ected within the lesions, sweat-
ing was occasionally induced at the periphery of the lesions in the surrounding
normal skin. When the parasympathomimetic stimulant was injected at the
edge of the lesions, sweating was noted in the normal skin beyond the edge of
the lesions but not within the lesions themselves (Fig. 1A, 3A).
With thermal stimulation, it was frequently observed that not only was the
active plaque anhidrotic, but a narrow rim of normal skin beyond the edge of
the plaque for a distance of 1—2 mm as well (Fig. 2B).
No vjsible sweating could be induced in lesions which were peeled thera-
peutically with keratolytic agents or following the removal of scales with mineral
oil or 70 % ethyl alcohol.
2. Regressing Psoriatic Lesions and Healed &tes. Lesions which appeared to be
regressing spontaneously or responding to one of the several types of therapy as
a rule remained anhidrotic until clinical regression was complete. A return of
sweating was occasionally observed in partially healed lesions. In all five cases
some cutaneous sites which appeared to be healed clinically remained anhidrotic
for varying periods up to 21 months before any return of sweating was noted
(Fig. 2E, 3B). Four of the five cases under observation had psoriasis for 2
years or longer. In this group, therapeutic or spontaneous healing was accompa-
nied by reappearance of sweating to some degree only after the sites had been
clinically healed for two months and longer (Fig. 2D). In one case (F. S.), under
FIG. 1. Eccrine response to intradermal m.ethacholine chloride injection. A. N is reaction
of normal skin site. Area in upper left indicates sweating in normal skin around active
plaque, area in lower left indicates sweating in hyperpigmented healed edge. B. No sweating
elicited from flat center of an active psoriatic plaque.
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Fio. 2. Eccrine response to thermal stimulation (100°F and 60% H. H.). A. Anhidrotic
psoriatic plaque. B. Narrow rim of anhidrotic, clinically normal skin around active plaque.
C. Anhidrotic, flat areas within active, psoriatic plaques. D. Minimal evidence of return of
sweating in clinically healed area. E. Anhidrotic, clinically healed area.
observation for 21 months, some Cutaneous areas which appeared healed clinically,
could not be stimulated by thermal or parasympathomimetic stimuli during the
entire period of observation. In one case, the duration of the disease was only
three months. The lesions responded rather rapidly to a modified Goeckerman
regimen. Sweating appraisals were not initiated until the patient had been
under therapy for one month, and most of the clinically healed sites responded
to sweating stimuli.
When the patients with anhidrotic psoriatic lesions or healed sites were sub-
jected to thermal stimulation for one-half hour, we were unable to produce
sweat retention vesicles in the anhidrotic areas.
The psoriatic lesions which regressed under the stimulus of local injection
of 1.0 to 5.0 mgm. hydrocortisone acetate (6) were also observed in the test. The
sites which were observed for as long as 21 months, remained auhidrotie despite
the clinical appearance of normality.
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FIG. 3. A. Sweating site at edge of psoriatic plaque (enlargement) following injection of
methacholine chloride B. Sweating response to thermal stimulation: Photograph shows
anhidrotic, regressing psoriatic lesions, anhidrotic, clinically healed areas, and return of
sweating in normal sites previously affected with psoriasis.
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Microscopic Findings
1. Morphologic Observations. In the specimens excised from active psoriatic
plaques, there were no apparent cytologic changes observed in the secretory
tubules or the ductal portion of the sweat apparatus. The cells of the secretory
tubules and the sweat ducts in the skin of the anhidrotic healed sites did not
appear structurally different from equivalent cells of the normal skin of the same
subj ect. In relatively few sections of anhidrotic active plaques keratin plugs were
noted within sweat duct ostia. Ostial plugs were occasionally observed in the
anhidrotic healed skin (Fig. 4A). Sweat duct dilatation in the dermis and epi-
dermis was noted infrequently in the biopsies of active plaques and anhidrotic
healed sites. In the sections of clinically healed sites which were anhidrotic, the
stratum corneum was slightly to moderately thickened and was occasionally
parakeratotic. The rete pegs remained somewhat elongated. The minimal changes
suggestive of psoriasis in apparently normal skin of patients who had psoriasis
were noted previously by Madden (7). In healed sites in which a reversal of the
anhidrosis was observed and in which sweating eventually occurred, the rete
pegs were essentially of normal size, and there was little evidence of corneal
thickening or parakeratosis.
2. Glycogen. Both the cells of the tubules and the ducts in the skin of the
FIG. 4. A. Anhidrotic, clinically healed site in psoriasis. Epidermal segment of sweat
duct showing keratotic plug. Porn! closure of this kind was only visualized in a few instances
in psoriatic plaques and anhidrotic healed plaques. H. and E. 650 X. B. Anhidrotic, psoriatic
lesion. Secretory cells of eccrine tubules are loaded with glycogen which is not depleted
following thermal stimulation. McManus stain 650 X.
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FIG. 5. A. View of psoriatic epidermis showing localization of glycogen in sheets of
acanthotic rete cells. McManus stain 45 X. B. Same area as A, previously treated with
diastase to remove glycogen. McManus stain 45 X.
psoriatic plaques as well as healed anhidrotic areas in the resting state contained
Rn abundance of glycogen (Fig. 4B, 6B). The same distribution of glycogen was
noted in the glandular and ductal cells of normal skin in the resting state (Fig.
6A).
In the active plaques, in healed anhidrotic sites as well as in normal skin, the
apices of the tubule cells contained large granules which were Schiff reactive but
diastase resistant (5).
Iii a limited number of sections of normal skin biopsies from psoriatic subjects,
it was observed that the glycogen was retained in the secretory cells of some
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FIG. 6. Glycogen distribution in secretory cells of eccrine sweat glands. A. Normal skin.
B. Anhidrotic, healed skin of psoriatic subject. See Figure 4B. for comparison with glands
of psoriatic lesion. McManus stain 650 X.
eccrine glands after 3 hour of thermal sweating and diminished in others. These
biopsies were taken from areas in which there appeared to be normal profuse
sweating. The glycogen content of the glandular cells of anhidrotic psoriatic
plaques as well as anhidrotic healed sites remained intact following 30 minutes of
thermal stress. Because of the small number of normal skin areas of psoriatic
subjects which have been appraised following sweating, and because there
is a possibility that these normal areas may have been previously affected with
psoriasis, our findings in this regard are inconclusive. The study is being con-
tinued, and the results will be submitted in a subsequent report.
An abundance of glycogen was noted in the acanthotic rete cells of the psori-
atic plaques. The glycogen contentvaried considerably in distribution and amount
from lesion to lesion, but the polysaccharide was found chiefly in the mid and
upper portions of the thickened stratum spinosum (Fig. 5A, 5B). Uniform pen-
nuclear collections of large glycogen granules were observed. Basal cells of
psoriatic epidermis appeared to be free of glycogen.
The glycogen distribution in the regressing lesions varied considerably de-
pending somewhat on the degree of acanthosis. In grossly healed but anhidrotic
plaques in which there remained a suspicion of psoriatic changes, patches of
spinous cells containing glycogen were found adjacent to collections of keratin.
Similar findings in normal, non-psoriatic skin have been described by Mon
tagna et al. (4).
DISCUSSION
It seems unlikely that the failure to elicit sweating in active plaques and
many clinically healed sites can be due to structural changes in the glandular
portion of the sweat unit. The ductal and secretory cells are comparable to
those of normal skin. Their glycogen content which provides an indication as to
the functional integrity of the cell (2), appears to be comparable to that of
normal but non-sweating (resting) eccrine cells.
Since it is possible to demonstrate occasional keratin plugs in both active
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plaques and anhidrotic, healed sites, we must assume that poral closure is a
factor (8, 9). It would be difficult to attribute the complete and in some instances
wide-spread sweat retention of long duration to the occasional ostial plugs. In
the acanthotic rete it is even difficult to find an intact duct. Another possibility
is therefore suggested at this time: collapse, effacement, and perhaps destruction
of the duct may occur as a result of rapid proliferation around the duct of epi-
dermal cells and their much increased rate of keratinization. If such psoriatic
changes occur within the ductal epithelium, as they do in the surrounding
epidermis, obliteration would be readily explained. During the regression of the
psoriatic process, the epidermal portion of the duct is reconstituted and the
outlet to the surface restored.
If we presume that the duct is obliterated, it is somewhat difficult to explain
why sweat retention vesicles are not produced in the anhidrotic sites of psoriatie
subjects following thermal stress (100°—106° F) for as long as 30 minutes. In the
case of the psoriatic erythroderma, the subject was exposed to temperature of
over 100° F for one hour, during which time the ambient temperature was
raised to a final level of 113° F without producing miliaria. Despite long-standing
anhidrosis in some cutaneous areas, sweat duct dilatation was rarely observed
following thermal or parasympathomimetic stimulation of these anhidrotic
areas.
It has been pointed out by Shelley that glycogen content of the tubular cells
provides an index of recent secretory activity and that in the presence of experi-
mental poral closure, the sweat gland shows minimal activity, unless the duct
itself ruptures (10). The tubular cells of the anhidrotic sites in psoriasis are uni-
formly loaded with glycogen after one-half hour of thermal stress indicating that
despite the stimulus there has been no active secretion. The inactivity of the
secretory cells may be related, therefore, to the obliteration of the sweat outlet
or perhaps to more profound damage to the secretory mechanism which can-
not be determined by localizing glycogen histochemically. That uniform deple-
tion of glycogen was not observed in areas regarded as normal, may be due to the
fact that these "normal" sites may have been previously affected with psoriasis
and that some of the epidermal segments of the ducts remain plugged or oblit-
erated. These intriguing questions require further investigation.
SUMMARY
1. Active psoriatic lesions are anhidrotic, and visible sweating cannot be
elicited by parasympathomimetic or thermal stimuli.
2. Psoriatic lesions spontaneously or under therapy usually remain anhidrotic
until the lesions are healed clinically.
3. Healed sites which are clinically normal and which retain minimal histo-
logical evidence of psoriasis may remain anhidrotic for at least 21 months.
4. The eccrine sweat glands in anhidrotic psoriatic or healed skin appears to
be cytologically normal.
5. The eccrine and ductal cells of anhidrotic plaques and healed sites contain
large amounts of glycogen comparable to that found in normal resting (non-
sweating) skin.
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6. If glycogen content of secretory cells can be used to indicate the functional
status of the sweat unit, the level of activity of the sweat gland in the anhidrotic
psoriatic plaque or healed site is comparable to the resting normal gland.
7. From the microscopic observations it seems likely that sweat retention in
psoriasis is due to closure of the epidermal portion of the sweat duct by para-
keratotie plugging and by obliteration. Effacing of the sweat pore is perhaps a
natural consequence of the aeanthosis and increased rate of keratinizntion of
the epidermal cells. Restoration of the patent sweat pore occurs with complete
healing.
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DISCUSSION
Dn. WALTER C. LOBITZ, JR., Hanover, N. H.: I think Dr. Suskind's findings
are extremely interesting.
Usually when acetyl choline or a like drug is injected locally around the sweat
gland sweat pours onto the surface, and glycogen is depleted from the large secre-
tory cells of the coil and from the luminal cells of the duet. Yet you did not pro-
duce this change in the psoriasis skin. Recently Dr. Cormia was able to decrease
the glyeogen in the sweat secreting cells in psoriasis skin with local injections of
meeholyl. He raised the question whether aggravation of the psoriatic lesion
could be on a sweat retention basis.
If one is going to blame the anhidrosis on sweat retention clinical miliaria
should be evident. Am I correct in assuming, however, that you did not see
this?
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Lastly, I wanted to ask if you had an opportunity to carry out acetyl cho-
linesterase stains on these sweat glands in psoriatic skin.
DR. VICToR H. WITTEN, New York, N. Y.: With the increasing attempt to
correlate sweating as a pathogenic factor in various skin disesaes I wonder if
in a study such as this, an isomorphic psoriatic response followed the sweating of
these patients.
Secondly, in the area surrounding the active psoriatic patch in which an-
hidrosis was noted, wouldn't one expect to find essentially the same histopatho-
logic psoriatic changes and poral closures as found within the actual psoriatic
lesions?
DR. HAMILTON MONTGOMERY, Rochester, Minn.: I wish to add a few remarks
about the histopathologic changes per se in psoriasis. The photomicrograph of
Dr. Suskind's last individual, as he emphasized, still revealed the histopathologic
picture of an involuting stage of psoriasis in an individual who had not had
treatment. Burks and I (Histopathologic study of psoriasis, Archiv. Dermat. and
Syph., 48: 479—493 (Nov.) 1943) reviewed a large group of patients who had
psoriasis and studied the changes at various stages following the Goeckerman
regime of treatment with crude coal tar and ultra violet light. At the end of 21
days despite clinical absence of a psoriatic lesion, the histopathologic picture was
similar to that which Dr. Suskind showed of an involuting stage of psoriasis. It
took 28 days to a month or more before normal skin was evident. In an exfolia-
tive dermatitis due to psoriasis the histopathologic changes extend all the way
across the section, but if one takes a biopsy of a discrete plaque the histopatho-
logic picture of psoriasis ceases rather abruptly and one sees normal skin at the
periphery. These findings are in contrast to observations reported some years
ago by John Madden, who found histopathologic evidence of psoriatic changes
in what appeared to be normal skin. Perhaps, as Dr. Suskind has suggested, in
such instances as in his one patient, one is dealing with an involuted area that
previously had been a psoriatic plaque.
DR. THEODORE CORNBLEET, Chicago, Ill.: As you all know when chrysaro-
bin is applied to a psoriatic patch there is a light, less pigmented halo immedi-
ately about the edge of the lesion. We found the area of manifest psoriasis as
well as the unpigmented ring at the periphery do not take the silver nitrate
stain. The sites of negative silver staining fail to sweat with heat. This was
shown a number of years ago by Pemberton of Philadelphia and we were able
to corroborate his results. Apparently the negative silver sites are also nega-
tive for the McManus procedure.
DR. RAYMOND R. SUSKIND (in closing): I'd like to thank Dr. Lobitz, Dr.
Witten, Dr. Montgomery, and Dr. Cornbleet for their questions and very help-
ful comments.
In answer to the questions raised by Dr. Lobitz: We attempted to ascertain
the status of glycogen in the secretory and ductal cells following thermal sweat-
ing, not after injection with methacholine chloride. I would say without hesita-
tion that we were not able to deplete glycogen from the eccrine cells in the active
psoriatic plaques as well as in the anhidrotic healed sites, with heat stress. Those
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clinically normal sites in which glycogen was retained following heat stress may
not have been normal at all. The histopathological changes suggestive of psoriasis
which Madden found to be present in clinically normal skin of psoriatic patients,
and our own similar findings, indicate to us that we may have been working with
areas of potential or involuting psoriasis. The fnnctional changes demonstrated
by the glycogen retention is more convincing than our clinical examination.
Needless to say this aspect of the problem needs further exploration.
We were able to visualize very few epidermal sweat ducts in our sections of
psoriatic skin or anhidrotic "healed" sites. The keratin lining was not thickened
in the ducts which we found.
We were not able to produce miliaria in our psoriatic plaques and clinically
healed anhidrotic stites but I regret to say I cannot tell you why. This aspect
also requires further exploration.
In answer to Dr. Witten regarding the induction of psoriatic lesions from
methacholine chloride irritation, we have never observed any new psoriatie
lesions at the site of "Mecholyl" injection nor following thermal stress. The case
of psoriatic erythroderma which we mentioned briefly was completely anhidrotic
when we first worked with him and his thermal regulatory mechanism was badly
disabled. He compensated somewhat for his inability to evaporate water by
radiating heat via the widely dilated superficial vessels of the classical "homme
rouge".
I agree with Dr. Montgomery that we were also fooled by normal-looking
skin in psoriasis. I believe that the anhidrotic normal sites which we worked with
were not normal in the cytologic, histologic or physiologic sense.
In so far as Dr. Cornbleet's question and remarks are concerned, we also be-
lieved that there might be some direct relationship between the persistence of
anhidrosis and the persistence of pigment in the site of the healed lesion. We
found that in the case of K. L., an 18-year old lad with psoriasis of three months
duration who healed rapidly under therapy, sweating returned rather quickly
during the regression of the lesions. The healed sites, however, remained hyper-
pigmented for many months afterward.
